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FOREWORD

This literim Report summarizes the work performed by Stanford
Research Institute during the period August 1965 to March 1966 under
Contract No. 950745 for the Jet Propulsion Laboratory of the California

Institute of Technology.

Cognizant Engineers of the Jet Propulsion Laboratory's Materials
and lMethods Group were Mr. Hugh G, Maxwell, Phase I - Materials
Specifications, and Mr. Robert Harrington, Phase 11 - Engineering

Informavion.

The technical effort at Stanford Research Institute was under the
supervision of Dr. R. F. Muraca, Director, Analyses and Instrumentation.
Personnel responsible for the performance, guidance, and evaluation of
work were: N, Fishman, Manager, Propellants Evaluation; H. G. Thomas,
Supervisor, Analytical Services, and J. S. Whittick, Chemist-Program

Coordinator.

Acknowledgment is made of the work of a number of chemists, tech-
nicians, and machinists who have contributed to this program. Special
mention is made oif the efforts of R, Won, Chemist, in the development

of specification test methods.
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ABSTRACT

Stanford Research Institute, Menlo Park, California

POLYMERS FOR SPACECRAFT HARDWARE - MATERIALS SPECIFICATIONS

AND ENGINEERING INFORMATION

Interim Report No. 2, August 1965 to March 1966

R. F, Muraca, et al., March 15, 1966

(NASA Contract No. NAS7-100; JPL Contract 950745; SRI Project ASD-5046)

The objectives of this program are: (1) to provide information
on the chemical and physical properties of space polymers so as to
permit preparation of procurement specifications; and (2) to obtain
new information of the effects of simulated spacecraft environment on

candidate space polymers,

Test methods are discussed for the chemical and physical prop-
erties of epoxy adhesives and RTV-silicone rubbers (including curing
agents). Results for typical polymeric materials and the details for

suggested specification test-methods are also given.

A standardized procedure for thermal-vacuum weight-loss of
polymeric materials is described; results are given for 20 polymeric

materials, and weight-loss limits for materials are suggested.

Units for the determination of volatile condensable material (VCM)
are described; these units will provide engineering information on VCM
but they have not been put into service at this time. A micro-VCM
unit, designed to screen polymeric materials, is in operation; avail-
able data on VWM, as well as weight-loss are given, The results of
mass spectrometric studies of substances volatilized from typical

space polymers are presented.
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Discussion is made of the in situ measurements of mechanical

properties of a series of elastomers and plastics; data are provided
on the progress of the 8-month storage testls under constant strain for

selected elastonmers,

In accordance with the "New Technology Clause,' four disclosures

are made of advancement of technology under JPL/NASA sponsorship.

A table summarizing the work performed on a group of polymers is

given in the Appendix,
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INTRODUCTION

This Interim Report summarizes the work performed under JPL

Cuntract 930745, SRI Project ASD-5046, during the period August 1965

to March 1966,

The primary objectives of this program are to assist the Jet Pro-
pulsion Laboratory of the California Institute of Technology in the

development and preparation of polymeric material specifications to be

used in counection with JPL spacecrafts, and to provide a study of the
eflects of simulated space environment on selected commercial polymeric
products. The materials and products to be studied and the extent of

work to be performed are specified by the JPL Cognizant Engineers,

The program is conducted as two iunterrelated and concurrent
phases: The purpose of Phase I, Polymeric Materials Specifications,

is to obtain quantitative values for parameters which may be used to

i assure the performance of a given batch of material in a spacecraft
environment. The purpose of Phase II, Engineering Information, is to
establish material limitations and to obtain detailed design infor-

mation,

Section 1 of this report summarizes a number of chemical and
physical test methods which have been evaluated for incorporation into
specifications, and lists the results obtained with typical polymeric
materials. In many instances, ASTM methods have been found adequate;
in other instances, test methods .ave been developed or adopted from
suggestions made in the chemical literature or in manufacturer's

literature.

In Section II, details are given of test methods which have been

developed, adopted, or modified at SRI. All of these methods have
been forwarded to the JPL Cognizant Engineer as suggestions for

inclusion in specifications test requirements.



A review of the vacuum-weight-loss apparatus and the work leading
to the formulation of a standardized procedure for weight-loss deter-
minﬁtions is given in Section III. Also included are weight-loss
results for 20 polymeric materials, some of which were re-determined
subsequent to simple postcuring treatments., A table of weight-loss

limits for selected polymers (less than 1%rweight-loss) is also given,

Section IV includes a discussion of the 3215133 mechanical-property
measurements conducted in a thermal-vacuum environment and describes
the work performed: the most recent results for the elastomers which
are being subjected to constant strain for an 8-month period in the

vacuum-thermal environment are tabulated.

In Section V, fabrication of an improved VCM apparatus is de-
scribed. Additionally, details are given of the design and operation
of a micro-VCM apparatus which provides data for maximum VCM available
as well as weight-loss-~data; this unit is to be used as to screen

polymeric materials for both phases of the JPL program.

The identification by mass spectrometry of volatilized substances

from a series of polymeric materials is discussed in Section V.

In subsequent Sections, ''Future Work' is described in general
terms, and ''New Technology' provides pertinent information on tech-
nologies which have been advanced or developed under the JPL/NASA
sponsorship of this program. A table summarizing the work performed

on the group of polymers examined thus far is given in the Appendix.



PHASE I

MATERIALS SPECIFICATIONS
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I. CHEMICAL AND PHYSICAL TEST METHODS
FOR SPECIFICATIONS

Materials specifications are, in general, prepared to provide a
degree of quality-control for acceptable materials and to establish
numerical norms for values of certain parameters in order to provide
standards for new materials, Work performed toward the development and
preparation of specifications for polymeric materials to be used in
spacecrafts has inéluded the selection of meaningful physical and chem-
ical properties, the evaluation of test methods, and the analyses of
representative spacecraft polymers in order to provide limits for

selected properties,

The selection of properties and test methods was made subsequent to
a study of polymer chemistry and synthetic procedures for each polymer
class in the light of assuring conformance of the polymers with end-use
requirements., The test methods which have been recommended for specifi-
cations are, for the most part, methods which are easily performed in
nearly any chemical laboratory. The polymeric materials which have been

evaluated were selected by the JPL Cognizant Engineer,

The establishment of test methods for epoxy adhesives has been com-
pleted, and methods for RTV-type silicone potting compounds are nearly
finalized, ASTM methods have been used and suggested for specifications
wherever possible; it has been found that although a test method is
applicable to a general class of polymers, some modification may be
required for specific polymer products., Details of procedures other than
ASTM, or modifications thereof, are given in Section II of this report,
The incorporation of suggested test methods into JPL Specifications has

been discussed and reviewed with the JPL Cognizant Engineer.




A, EPOXY ADHESIVES

The results reported in Interim Report No., 1 [August 9, 1965, for a
series of epoxy adhesives included epoxy equivalent, hydrolyzable halide
content, filler content, nonvolatile content, density, and infrared ab-
sorbance spectrum. Since that time, work has been completed for amine-
nitrogen content of curing agents Epon 931B and Epon B-3, filler content
of Epon 917, and acetone-soluble content of Epon 422J {all supplied by
Shell Chemical Company'.

Amine Nitrogen Content

Determination of amine-nitrogen content of epoxy curing agents
Epon 931B and Epon B-3 was first atitempted by ASTM Method D 2073-62T
:for fatty amines . ; however, the titration end-point was found difficult
to locate, and the values obtained were suspiciously low. A Cross-
check by the Dumas micro-procedure for nitrogen corroborated suspicions
that the ASTM method gave low results, Subsequent investigation revealed

that nonaqueous titrations give satisfactory values for the aromatic

amines:

The sample is dissolved in glacial acetic acid and the
amine groups are titrated with a solution of perchloric
acid in glacial acetic acid; methyl violet is used as
indicator.

The values obtained for the curing agents by the Dumas nitrogen
method and by nonaqueous titration are given in Table I. Also given
in Table I is the value for a different batch of Epon B-3, The amine-
nitrogen content for the B-3 received in July was below Shell Company
specifications of 19-23%; however, a cross-check of this particular
batch was conducted at Shell and the value of 18.5% was confirmed, A
new batch of B-3, received in September, was found to have a slightly
higher amine-nitrogen content, 19.2%, but it was still barely above the
lower limits of Shell specifications. The need for specifications
standards and procedures is clearly demonstrated by the severe batch-

to-batch variations detected above,
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Table 1

DETERMINATIONS OF AMINE-NITROGEN
IN EPON CURING AGENTS
Shell Chemical Company

Amine-Nitrogen Content
Material Dumas Nitrogen Nonaqueous
.micro-method } titration
Epon 931B 24,3% 24,2-24,3%
Epon B-3 .rec'd 7:65 18.5% 18.5-18.5%
Epon B-3 .rec'd 9,65 - 19.2%

Filler Content

The filler content of Epon 917 was determined in accordance with
Sirell Chemical Company Method ADM-3, but low values were obtained,
Investigation of the procedure showed that the recommended solvent
.chlorobenzene for epoxy-type materials in general ) did not dissolve
all the organic material present in the adhesive., The results of
additional experiments led to the finding that methyl ethyl ketone is
a superior solvent for Epon 917 see Section II, TM-5046-3'; appropriate
values for filler content are 20.57-20.89 wt-%, It was recommended

that methyl ethyl ketone be substituted for chlorobenzene,

Acetone-Soluble Content

It was found that the usual test methods for epoxy resins were not
readily applicable to complex formulations such as the adhesive tape
Epon 422J an epoxy-phenolic resin with aluminum filler impregnated on
a glass-fiber tape . To circumvent this difficulty, it was decided to
use the extractable organic content of the material as a measure of its
serviceability. Generally, simple extraction with a suitable solvent is
sufficient for removal of organic from inorganic materials (e.g., filler
content methods . ; however, it was found that a Soxhlet extraction of

the adhesive tape with acetone was required for accurate results:



About 10 g of the epoxy-phenolic adhesive tape is extracted
for 1 hours with 250 ml of acetone in a Soxhlet apparatus,
and then the Soxhlet thimble and contents are dried over-
night at 110°C prior to final weighing.
A relatively large sample must be used in order to compensate for non-
uniformities of impregnation, Details of the procedure are given in

Section II, TM-5046-4; values obtained for acetone-soluble content

of Epon 422J are 42,33-42,87 wt-%,

B. RTV-SILICONE POTTING COMPOUNDS

The following properties {and test methods) have been investigated
for RTV-silicone base materials and curing agents: hydrolyzable halide
content, hydroxyl content, tin content, nonvolatile content, density,
viscosity, and infrared spectra. Suggestions for test methods and limits
for most of these properties have been made to the JPL Cognizant Engineer
for incorporation into Specifications. A small amount of work remains

for tests of cured materials.

Filler Content

‘Filler content of RTV-11, -60, -560, and -615A General Electric
Company ) has been determined by a straightforward procedure involving
extraction of the silicone base material with chloroform:
About 0.3 g of the silicone base material, 50 ml of chloro-
form, and about 0,3 g of Celite filter-aid are mixed thor-
oughly; the mixture is filtered and filler content is
computed after corrections for Celite,.

Details of the procedure are given in Section II, TM-5046-5, and results

are summarized in Tables II-V,

Hydrolyzable Halide

Although a chlorinated silane is an intermediate product in the
production of silicone polymers, virtually all chloride ion must be
absent for qualification of the end-product as a space-grade material,

since evolution of chloride ion as chlorine or hydrochloric acid would



. be detrimental to spacecraft operations. The following procedure has
been used for determination of hydrolyzable halide in the silicones
reported in Taubles II-V,
About 5-6 g of silicone base material is treated with
50 ml of ethanol. The resulting solution is titrated
potentiometrically with 0,1 N sodium hydroxide; re-

sults are reported as wt-ﬁ hydrolyzable halide ‘as
chloride !,

Details of the procedure are given in Section II, TM-5046-6,

Infrared Spectra

Infrared absorbance curves were obtained for films of the RTV
silicones under study and are reproduced in Figures 1-4 funder Tables II-
V', The films were prepared by evaporating chloroform extracts of the
silicone-base materials on salt flats. Duplicate curves have been for-

warded to the JPL Cognizant Engineer for incorporation into Specifications,.

Nonvolatile Content

. The nonvolatile contents of the RTV materials under study are sum-
marized in Tables II-V, The determinations were made in accordance with
ASTM Method D 1259-61/B, i,e,, drying resin films on aluminum foil in
a forced-draft oven at 105°C; it was found that better reproducibility
of results was obtained if the samples were cooled in a desiccator,
rather than simply cooling in air and weighing quickly as specified in

the ASTM method,
Viscosity

The viscosity determinations for the RTV base materials are summarized
in Tables 1I-V, The results were obtained in accordance with the modifi-

cations to ASTM Method D 1084(Bj, as modified by the General Electric

Company in their Specifications Guide: CDS-373C,

A brief investigation of the effects of de-aerating and condition-
ing was undertaken; it was found that higher viscosity values were generally

obtained if the samples were used as received, Although the higher values

~1
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are still within specification limits, it is recommended that the GE
modifications be incorporated into the JPL Specifications in order to

ecnsurce wiform gquality control.

Hydroxyl Content

A review of the literature indicated that a number of procedures
had been suggested for determination of the silanol group but that most
of them do not provide satisfactory and reproducible results, One of
the more promising suggestions, azeotropic distillation of the water of
condensation of silicones, was briefly investigated but insufficient
water was obtainable even with 100-g samples. Thus, the ASTM procedure,
ASTM E 222-63T, "Hydroxyl Groups by Acetic Anhydride Acetylation,'" was
used to obtain the results given in Tables II-V:

The sample is refluxed with a solution of acetic anhydride
in pyridine, excess reagent is hydrolyzed with water, and

the acetic acid is titrated with standard sodium hydroxide
solution, The end point is determined potentiometrically.

Density

The densities of the silicone base materials, reported in Tables II-V,
were determined in accordance with ASTM Method D 1875-61T; all results

are in excellent agreement with manufacturer's specifications.
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Table II

DETERMINATIONS OF CHEMICAL AND PHYSICAL PROPERTIES:
RTV-11 {General Electric Company )

Property Test Method Values

Base Material

Hydrolyzable halide TM-5046-6% 0.003-0.005 wt-%
Hydroxyl content ASTM E 222-63T 0.98-1.10 m.e./g
Filler (T102) content TM-5046-5% 29,77-29.90 wt-%
Nonvolatile content ASTM D 1259-61(B) 98,57-98,58 wt-%
Densityis ASTM D 1875-61T 1.161-1,168 g/ml
Viscosity at 25°C ASTM D 1084(B); 91 poises

{No, 5 spindle, 4 rpm) | modified by GE,
Spec Guide CDS-373C

Catalyst

T-12 (see Table VI)

#* See Section Il
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FIG. 1 INFRARED ABSORBANCE SPECTRUM OF RTV-11



Table 111

DETERMINATIONS OF CHEMICAL AND PHYSICAL PROPERTIES:

RTV-60 General Electric Company ;

Property

Test Method

Values

Base Material

Hydrolyzable halide
Hydroxyl content

Filler \Fe203: content

Nonvolatile content

25

Density
Ya

Viscosity at 25°C

{No. 6 spindle, 10 rpm,

Catalyst

T-12 'see Table VI

TM-5046~6%

ASTM E 222-63T
TM-5046-5%

ASTM D 1259-61(B
ASTM D 1875-61T
ASTM D 1084(B;;

modified by GE,
Spec Guide CDS-373C

0.002-0.003 wt-
0,27-0.36 m.e./g
50.08-50.33 wt-%
99,20-99.23 wt-%
1,476-1,488 g’'ml

595 poises

¥  See Section 11

1

TA-3046-80

FiG. 2 INFRARED ABSORSANCE SPECTRUM OF RTV-60

10




Table IV

DETERMINATIONS OF CHEMICAL AND PHYSICAL PROPERTIES:

RTV-560 :General Electric Company)

Property Test Method

Values

Base Material

Hydrolyzable halide TM-5046-6%
Hydroxyl content ASTM E 222-63T

Filler (Fezosj content TM-5046-5%

Nenvolatile content ASTM D 1259-61(B
25

Density, ASTM D 1875-61T

Viscosity at 25°C ASTM D 1084 B;;

{No. 6 spindle, 10 rpm) | modified by GE,
Spec Guide CDS-373C

Catalyst

T-12 (see Table VI)

0.004-0.005 wt-%
0.19-0.26 m.e./g
42,68-42,71 wt-%
98.25-98.47 wt-%
1.419-1.425 g/ml

410 poises

% See Section II

TA-3048-61

FIG.3 INFRARED ABSORBANCE SPECTRUM OF RTV-560
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Table V

DETERMINATIONS OF CHEMICAL AND PHYSICAL PROPERTIES:
RTV-613A .General Electric Company )

Property Test Method Values
Base Material

) Hydrolyzable halide TM-5046-6% 0.002-0,002 wt-%
Hiydroxyl content ASTM E 222-63T 0.02-0,05 m.e.;g
Filler content TM-5046-5% none
Nonvolatile content ASTM D 1259-61'B 99,66-99,78 wt-%
Densityi5 ASTM D 1875-61T 1,013-1,015 g/ml
Viscosity at 25°C ASTM D 1084(B;; 38 poises

‘No. 5 spindle

‘ Curing Agent

6158 /see Table VIII:

, 4 rpm; modified by GE,

Spec Guide CDS-373C

# See Section II
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C. M«T CATALYST T-12

The catalyst used for the General Electric RTV-11, -60, and -560
silicone potting compounds is dibutyltindilaurate, marketed by MXT Chem-—
icals,. . Inc, as M&T Catalyst T-12, Discussion with the JPL Cognizant
Engineer established that the most significant properties of this material
to be determined for specifications purposes would be hydrolyzable halide
content, tin content, density, and viscosity. The results of these de-

terminations are summarized in Table VI,

Hydrolyzable Halide

Hydrolyzable halide content was determined according to the procedure
previously described for epoxy adhesives (see Section II, TM-5046-1;; no
halide was detectable, and thus a specification limit can be recommended

as "less than 0,0015,"
Tin Content

Evaluation of several methods reported in the chemical literature
for the determination of tin in organotin compounds led to a satisfac-
tory procedure for specifications purposes:

The organotin compound is decomposed by treatment with
concentrated sulfuric acid followed by ignition to
stannic oxide,
The values given in Table VI are well within the tin content specified
by the manufacturer (18—19.5%} and compare favorably with the theoreti-
cal value for pure dibutyltindilaurate {18.80%), Details of the procedure

are given in Section 11, TM-5046-7,
Density

The density of M&T Catalyst T-12 was determined according to the
procedure described in ASTM D 891-59:C} for specific gravity at 15,56°C
of industrial aromatic hydrocarbons, However, since T-12 is a solid
below 19°C, the determination was made at 25° and the specific gravity
values were converted to density in conformance with the JPL Specifica-
tions format. As shown in Table VI, the value of 1,046 g/ml is in agree-

i

ment with manufacturer's specification of 1.05 g /ml,




Viscosity

The viscosity of T-12, given in Table VI, was determined at 24,8°C
in accordance with the procedure specified in ASTM Method D-1084(B).
The sample was transferred to a 600-ml beaker, de-aerated in a vacuum

oven for 1/2 hour, and conditioned at temperature for 30 minutes prior

to testing.

D. RTV CURING AGENT 615B

Little information has been made available on the nature of the cur-
ing agent 615B, used with RTV-615A; however, it is known to contain a
catalyst dispersed in a silicone. Since a relatively large amount of
this agent is used (about 10%), determination for hydrolyzable halide
was considered meaningful; the density was determined as a simple quality
control procedure. Results of the determinations and the procedures

used are given in Table VII,

14



Table VI

DETERMINATION OF CHEMICAL AND PHYSICAL PROPERTIES:
M&T CATALYST T-12 (MZT Chemical Co. }*

Property Test Method Values
Hydrolyzable halide ™-5046-17 < 0.001%
Tin Content T™M-5046-7" 18,71-18,76 wt-%

2
Density45

Viscosity at 25°C
No. 1 spindle, 4 rpm)

ASTM D 891-59(C)

ASTM D 1084(B;;
modified by GE,
Spec Guide CDS-373C

1.046-1.046 g/ml

40 poises

* Used for RTV-11, RTV-60, and RTV-560.

T See Section 11

Table VII

DETERMINATIONS OF CHEMICAL AND PHYSICAL PROPERTIES:
RTV-615B (General Electric Company )

Property

Test Method

Values

Hydrolyzable halide

.. 25
Denslty4

TM-5046-6%

ASTM D 891-59(C)

< 0.001%

1,002-1,003 g/ml

#* See Section II




II. SPECIFICATION TEST METHODS DEVELOPED AT SRI

Following the selection of properties to be determined for general
classes of polymeric materials, i1nvestigations were made of available
test methods which could be used directly or with some modification.

It was found that ASTM methods were available for many of the selected
properties and they were pressed into use wherever possible since they
have been thoroughly evaluated and standardized and are already in wide
use. In some tastances, however, classical procedures had to be mod-
1lied by appropriatle selection of reagents or handling techniques; 1in
other instances, procedures recommended by manufacturers or published
in the open literature were found satisfactory,

As a result, a number of test methods have been developed and sug-
gested for incorporation into JPL Specifications. The details of tLhese
methods are given in the following pages; method code numbers have been

assipguned {or ease vf reference.

17
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Reference:

Procedure:

Calculation

™M-5046-1
May 1965

HYDROLYZABLE HALIDE CONTENT OF EPOXY ADHESIVES

ASTM Method D 1726-62T, "Hydrolyzable Chlorine Content of
Liquid Epoxy Resins'
Prepare and hydrolyze the sample in accordance with the

directions given in ASTM D 1726-62T.

Then, add 10 ml of 1:1 nitric acid solution to the hydrol-

yzate and dilute with an equal volume of distilled water.

Titrate the solution with 0.1 E silver nitrate solution,
using a silver-mercurous sulfate reference electrode

system as indicator. Plot the incremental volume of silver
nitrate consumed versus the emf of the electrode system to

locate the end point.

Blank determinations are to be conducted concurrently with

the sample.

(assuming all halide to be chloride):

(A-B) x N X 3.55
W

% hydrolyzable halide =

ml of silver nitrate solution required to titrate
the sample,

where A

B = ml of silver nitrate solution required to titrate
the blank,

N = normality of the silver nitrate solution,

and W = weight of sample in grams.

18




Reference:

Procedure:

Calculation:

™-5046-2

August 1965

AMINE~-NITROGEN CONTENT OF EPOXY CURING AGENTS

Welcher, F. J., (Ed.), Standard Methods of Chemical Analysis,
D. van Nostrand Co., Inc., New York, 1963, Vol. 1I, Part A,
p. i88.

Weigh accurately ( =0.1 mgm) about 0.2 g of the curing agent

and dissolve in 25-50 ml of glacial acetic acid.

Titrate the sample solution with U.1 N perchloric acid
solution using methyl violet indicator (0.25% in glacial

acetic acid); the color change is violet to green.

Perchloric acid solution: Dissolve about 8.5 ml of
7% perchloric acid in 1 liter of glacial acetic
acid; add cautiously in small portions about 15 ml
of acetic anhydride; allow to stand overnight before
use, Standardize against sodium acetate solution
(V.53 g of dried sodium carbonate in enough glacial
acetic acid to make 10U ml of solution)).

V XN x 14,0

. amine nitrogen = 5

where V ml of perchloric acid solution to titrate

the sample,
N = normality of the perchloric acid solution,

and W = weight of sample in grams,

19




References:

Procedure:

™-5046-3
September 1965

FILLER CONTENT OF EPOXY ADHESIVE, EPON 917
Shell Chemical Company Method ADM-3,
JPL Specification ZMF-4071-0001

The procedure is identical to that recommended by the
Shell Company and included in JPL Specifications for

epoxy adhesives, with the following exception:

For Epon 917, methylethylketone is to be used in

place of chlorobenzene for the extraction.

20



Procedure:

Caloulatlion:

™-5ui6-4

Novenner 196D
ACETONE-5SOLUBLE CONTENT, EPOXY ADHESIVE TAPES

Weight 10 ¢ ( £10 mgm) ol the tape into a previously dried

and welghed | =10 mgnm; soxhlet paper extraction thimble.

Extract the sample in a Soxghlet apparatus with 250 ml of

acetone for 4 hours.,

Dey theo thimble aad residue overnight at 110°C; cool in a

destcaoator 1o roolm temperature and re-welygh,

W o-W ) 1ou
(RPN A

¢ acetone soluble = T—
o t

where WO = original weight of thimble plus sample,

=
"

final weight of thimble plus residue,

]
o
ot
=
1}

weight of thimble.

21
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Procedure:

Calculation:

™-5046-5
November 1965

LLER CONTENT OF RTV-SILICONE BASE MATERIALS

Weigh 0.3-0.4 g (£ 0.1 mgm) of the silicone base and
0.2-0.3 g (0.1 mgm) of Celite filter aid into a dry
150-ml1l beaker. Add 50 ml of chloroform and cover the

beaker.

Stir the mixture in the beaker with a glass rod in order
to disperse completely the insoluble matter present in

the sample.

Fit an 125-ml suction flask with a rubber crucible holder
and, with the aid of tongs, place a dried and weighed
(£ 0.1 mgm) glass funnel with a medium-porosity sintered-

glass frit into the holder.

Decant the sample mixture through the funnel using suction;
wash the residue out of the beaker into the funnel and
wash the inner walls of the funnel with small portions of
chloroform, using a total of about 20-30 ml. Release
vacuum and wash the outer body and stem of the funnel with

a few ml of chloroform to remove any adherent filtrate.

Dry the funnel and contents for 30 minutes at 150°C; then
cool in a desiccator to room temperature and weigh to the

nearest 0.1 mgnm.

100 (wt - F -C)
]

% filler content =

where Wt = weight of funnel plus filler plus Celite,
= weight of funnel,
= weight of Celite,

and = weight of sample.

22




™-5046-6

December 19635

4 HYDROLYZABLE HALIDE CONTENT OF
RTV~5SILICONE BASE MATERIALS

“

Rel:

{a
(o

reuce:  McHard, J. A., "Silicones,’ in G. M. Kline, Analytical
Chemistry of Polvmers, Interscience Publishers, Inc.,
New York, 1963, Purv I, p. 364.

Procedure: Welgh 3-6 ¢ {= 10U mgwm) of the silicone-base material into

an LoU-ml praxser.

Add 50 ml of 95 ethanol and cover the beaker with a

?
anteh plass,
Allow Lthe nixture to stand for 10 minutes and then titrate
potentiometrically with standardized 0.1 N sodium hydroxide,
‘ plotting the potential at each 0.01-ml increment.

Caiculation (asswarng all halide to be chloride):

Vx Nx 3.55

% hydrolyzable halide = W

where V = ml of NaOH solution used,

N

normality of NaOH solution,

and w

weight of sample in grams,

23
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Reference:

Procedure:

™-5046 -7
January 1966

TIN CONTENT OF DIBUTYLTINDILAURATE

Gilman, H., and Rosenberg, S. D., J. Am. Chem. Soc., 75,
3592 (1953) -

Weigh 0.7 g (1 mgm) of organctin compound into a
previously ignited and weighed 30-ml porcelain crucible.

Use of a Vycor crucible will provide
for visibility of the sample during
decomposition,

Add 3.5 ml of concentrated sulfuric acid (sp. g. 1.84)

to the sample and cover the crucible.

Heat the top of the crucible with a Bunsen burner
{(caution) and gradually lower the position of the flame
by the sides of the crucible until the flame is directed
toward the bottom, Continue heating until carbonaceous

material is converted to a white solid.

Remove the crucible cover and ignite the crucible over a
Bunsen burner for 0.5 hour; cool in a desiccator, and

weigh,

Calculation:

Wt. of SnO2 X 78.77
v tin = STWE.
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™-5046-8
September 1965

VACUUM -WEIGHT-LOSS OF POLYMERS:
PROCEDURE FOR ESTABLISHING WEIGHT-LOSS LIMITS

Thermal-vacuum apparatus: A complete description of this apparatus

is given in Interim Report No. 2, this Contract.

Samples and recording: Duplicate samples are prepared for each

System

material for weight-loss determinations to be made after 48,
96, and 192 hours of exposure to the thermal-vacuum environ-
ment of 1253°C and 10‘6 torr. By appropriate scheduling,

complete data for 2 materials can be obtained in 10 days.

Identify samples as completely as possible giving all

information available.

Prepare samples so as to provide maximum weight within

restricting dimensions of test chambers,

Note sample dimensions, number of pieces, and method of
preparation {(cutting, sawing, coiling of films, etc.) and

time and temperature for cure or postcure (if required).

Humidify samples at least 24 hours in a 30%-constant-humidity-

chamber at least 24 hours prior to initial weighing.

Record sample weight data in the following fashion:

Initial After hours
Wt. of sample + holder Initial Wt. of sample + holder
Wt. of holder Final wt. of sample + holder
Wt. of sample Weight lost

Calculate ‘~weight-loss for each time-interval.

operation: Wax baths are maintained constantly at 125°C = 2,
At the termination of each run (2 materials), the sample
chambers and stopcocks are cleaned with "Trisol” (1:1:1

methanol, chloroform, and benzene) and evacuated; at this

25
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time, liquid nitrogen traps are removed and the residual

gases are pumped oult,

Insert samples in chambers and immediately open large stop-
cocks slowly to evacuate sample chambers.

Start timing when pressure in the sample chambers is again at

3
10~ torr; fill liquid nitrogen traps.

Al termination of prescribed time at temperature and vacuum: Close

off large stopcock and vent sample chamber through small

stopcock.

Carefully remove cap assembly with suspended sample, im-
mediately place sample in desiccator, and place desiccator

in balance room. After exactly 1/2 hour, weigh sample.

26
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Ti-5016-9

Juanuary 1966

MICRO-VCL DETERMINATIONS:
VCM AND WEIGHT LOSS AT 125°C AND 10-° ToRr
{(VCM Collectior Plater ar 25°C)

Micro-VQM apparatus: A complete description of this apparatus is

given in Interim Report No. 2, this Contract,

Samples and recording: Identify samples as completely as possible

giving all information available,.

Prepare samples according to manufacturer's instructions for
curing or postcuring, or use ''as received.'' Make complete

notes of procedures used for preparing and curing samples.

Procedure: Place samples of about 200 milligrams, cut into small
pieces, into weighed aluminum boats {generally used for micro-
combustion analyses) and condition in a 30% humidity-atmosphere

for at least 24 hours prior to weighing.

Weigh the samples on a microbalance., Weigh the polished and

cleaned copper collector plates on a microbalance.

Place the samples (in the aluminum boats) in the sample
compartments of the micro-VCM apparatus and note the location.
Affix the weighed collector plates to the apparatus and note
the location in reference to specific samples.

When samples and collector plates are in position, cover the
apparatus with the bell-jar and begin evacuation; at 10"3 torr,
activate the liquid nitrogen trap and the cooling system for
the collector plates. When the system is at least 1.0"5 torr,
elevate the temperature of the copper blocks containing the

samples to 125°C.

27
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After the samples have been maintained at 125°C for 24 hours,
allow the system to cool, in vacuo, to a temperature of at

least 50°C. Then vent the system with dry nitrogen or helium,

Remove the samples and collector plates in a systematic order

and store in appropriate desiccators.

Begin weighing of samples after 1/2 hour of storage in the
desiccator, in the order of their removal from the thermal-

vacuum system. Then weigh the collector plates.

Data to be reported are: sample weight in grams, sample

weight-loss in wt-%, and VCM in wt-%.
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III1, THERMAL-VACUUM WEIGHT-LOSs DETERMINATIONS

A standardized vacuum weight-loss apparatus and procedure have
been developed for evaluation of candidate polymeric materials for
use in spacecrafts. Details of the apparatus, establishmeat of the
procedure, and a discussion of specific determinations are included
in this Section, as well as a summary of the weight-loss limits
deternined for the more promising candidate materials for Specifi-
cations. Directions for performing the vacuum-weight-loss determina-

tions are given in Section II, TM-5046-8.
A, VACUUM-WEIGHT-LOSS APPARATUS

The vacuum-weight-loss apparatus is shown in the photograph in
Figure 5. A design drawing, including the parts list, is given in

Figure 6 so that the appatus may be readily duplicated.

As shown in Figures 5 and 6, the apparatus accommodates duplicate
samples under identical vacuum-thermal conditions; the large-bore
stopcocks ensure maximum rate of evacuation on each sample and valid
pressure measurements (made via a gage directly above the sample

chamber).

The purpose of the well near the joint of each sample chamber
is to collect substances which may condense at cooler temperatures
and to prevent re-deposit of these substances on the samples. One-mm
stopcocks are affixed to the arms leading from the sample chambers

to permit venting at termination of the tests.

Glass hooks have been attached to the caps of each chamber so
that samples may be suspended directly by wires or in glass containers.
{(In view of the anticipated reactivity of some polymeric materials
with wire material, Nichrome wires have been gold-plated in order to
provide an inert contact surface; platinum wire, of sufficient strengh,

could also be used.)

29
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TA-35046-63

. FIG.5 PHOTOGRAPH OF VACUUM-WEIGHT-LOSS APPARATUS
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A pood grade ol high-tomperature vacuwn greosce 1s used in order
to obviate diflicultiecs created by channeling or outgussing {silicones)

TApiveon-T" or cquivalent has been found satistactory,

The sample chanbers are Lanersed in Fisher bath wax contained in
stainless beakers fitted with heating mantles; temperature is main-
tained by a themoregulator-variable transformer system. The input
to the heating mantles is adjusted so that the wax temperature is
maintained at 123°C with only minimal control afforded by the thermo-
regulator; this temperature has been selected since prior work has
shown that most polymeric materials do not undergo decomposition

at 125YC,
B. VACUWA] AND CONTROL =YsSTEM

Each vacuuwu-weight-loss apparatus is attached to a primary
manifold leading directly to the pumping system. Figure 7 1llustrates
a vacuwl system consisting of four pumping stations of the kind shown
in Figure 5. This arrangement has been set up in order to facilitate
the generation of copious duata for determining parameters which
cventually will be used to establish materials specifications limits,
The primary manitold has sufificient pumping speed to accommodate the
four units. The primary manifold is a 6-inch glass pipe leading to
the fore pump via a water-cooled batfle and a 6-inch diffusion pump.
Specifications for this vacuum and control system which will accom-

modate four vacuum-weight-loss apparatuses are as follows:

Fore pump: 0.5 liters/second at 10’3

torr
Diffusion pump: 1400 liters/second at 10~5 torr
Water-cooled bhaffle: Chevron-ring type

Vacuum gages: 0.25 to 1 X 10‘7 torr

Temperature controller: 95 to 200 * 2°C

Heating mantles: 95 to 200°C

32
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FIG.7 VACUUM SYSTEM WITH VACUUM-WEIGHT-LOSS APPARATUS
33




C. PROCEDURE

Developuent ot the parameters for a standardized procedure for
vacuuwn-welight-loss limits has involved investigation of sample prep-
aration, weighing techniques, and time functions. Two materials,
well-characterized in prior wurk,i have been selected as control
samples for not only vacuum-weight-loss work but also for other

screening procedures; these are General Electric silicone elastomers

w

E-555 (white) and SE-5533 (gray).

Sample Conditioning and Sample Weights

Since the initial weight of polymeric samples is dependent on
ambient conditions (surface adsorption of atmospheric moisture and
gases), a standardized conditioning procedure has been adopted for
ensuring reproducibility of results in any climate; samples are
placed in a 5U -relative-humidity environment at 20-30°C for at least
24 hours prior to initial weighing.

A 30°~constant-humidity environment is easily maintained

by confining a saturated solution of Ca(N03)2 . 4H20.

It is general knowledge that polymeric samples will adsorb mois-
ture and air, even in a desiccator, after exposure to a thermal-vacuum
environment, Therefore, sufficient time must be allowed to permit
exposed samples 1o reach an equilibrium temperature in the balance
room and an optimum time must be selected for weighing back the
samples. In view of the change in weight with time, illustrated below,
an exact time for weighing samples after thermal-vacuum exposure is
prescribed for specifications purposes; exactly one-half hour has been
selected to provide maximum cooling and minimum weight increase:;

Time lapse afier removing samples
from vacuum-thermal environment and

storing in desiccator (SE-555-white)  Sample Wt., g
15 minutes 5.2159
30 minutes 5.2163
24 hours 5.2171
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Sample Configuration

In an attempt to determine the effect of sample size and con-

figuration, SE-333 {white) was prepared in three different ways:

(1) As received, 3 strips of 2" » 1/2" < 1/16";

(2) As received, sliced with scalpel into pieces of about
1727 <« 1/167 N\ 1/64';

{(3) As received, frozen with liquid nitrogen and ground in
a mortar; dried under low vacuum at room temperature
for 1/2 hour, and stored in a desiccator until initial
welghing,

The samples were exposed to the thermal-vacuuwn environment for
periods of 24, 72, and 96 hours in order 1o remain within the bounds
ol a normal working week. The results of these determinations, shown
below in order, indicate that the more tedious methods of preparation

13

provide little gain over the results obtained from simple preparation:

(1) 0.467 wt-loss at 24 hr, 0.447 at 96 hr,
(2) 0.407 wi-loss at 24 hr, 0.467 at 96 hr,
(3) 0.35% wt-loss at 24 hr, 0.56% at 96 hr.

The resulis obtained from prior mass spectrometric work were a little
higher for a longer exposure period, i.e., 0.65% at 144 hours. However,
all results are within a reasonable range for specifications purposes
{(0.15-0.657), and those obtained with the standardized apparatus are

quite adequate for control limits.

L




D, DISCUSSION OF WEIGHT-LOSsS DETERMINAVTIONS

RTV-Silicone Pouriting Compounds

The welgia-lo=s determinations Lor a series ol ¢ured RTV-silicone
potting compounds {supplied by the Genceral Electric Company ) indicated
that excessive umounts of material werce given off at 12537°C in vacuo;
the results for RTV-11, -6U, -36u, and =615 raonged from 1-4% after
192 hours ol exposure. Since prior wurk1 has shown that a substantial
portion of the nuiterial releused by silicone polymers in a thermal-
vaciwn enviroument is avtributable to unpolymerized starting material
(diol=) as well as low-nmolecular-werght silicone 0il aud other ad-
ditivez, 1t feenmed appropriaoite to supject these cured polymers to a
postcure, of the specific kind recommended by the manufacturer for thick
sections of muterials, The materials were postcured for 24 hours at
150%C; weight losses incurred during postceuring were as follows:

RTV-11 0.12:
RTV-60 0U.09
RTV-560 0.33
RTV-615 V.03

The vucuum-weight-losses of the postcured RTV compounds are com-
pared with those obtained for the originally-cured samples in Table VIII;
a study of the data in this Table shows that postcuring has a noticeable
elffect on the vacuum-weight-loss of the RTV compounds and indicates
clearly that the postcuring treatment lucreases the degree of poly-

merization.

Muraca, R. F., ¢t al., "Space Environment Effects on Polymeric
Materials,' Stanford Research Institute, Final Report, Project 4257,
December 1963.
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{ L
‘ silrlilcone Elastomoers

Welght-loss data for General Electric silicone elustomers SE-390
(white) and SE-535 {gray ) are summarized in Table IX. Comparison with
data previously acquired in mass spectrometric work indicates that the
standurdized vacuum-weight-loss syvsiem is providing nearly-maximum

: results:

SE-335 (white) 0.44% at 96 hr (Std.)

0.65. at 144 hr (M.S.)

SE-555 (gray) 0.74. at 192 hr (Std.)

? U.787 at 164 hr (M.S.).

Also included in Table IX are results for General Electric silicone
clastomers SE-3601, SE-3613, and SE-3713. The -3613 and -3713 were
postcured {at GEj for 24 hours at 250°C, and required no special treat-
ment,  In fact, thesce materials display a definite superiority in
respect to welght-loss criteria.  They were examined in view of their

good performance in nechanical-property tests {see Section IV).

All of the silicone elastonmners mentioned are included in the sumn-

mary ol weight-loss limits for selected polymers, given in Table VI,

Polycarbonate Plastics

In an effort to correlate loss of material with the unfavorable
results obtained in thermal-vacuwn mechanical-properties tests (Phase 11}
; of a Lexan film, weight-loss determinations were made for two similar
| General Electric Lexan chips; unfortunately, the grade and code number
of the film sample has not yet been identified, but the chips are
graded as medium viscosity 101-111 (heat-stabilized) and 101-112
\ {tinted). As shown in Table X, by weight-loss criteria, these formula-

tions would be considered suitable for spacecraft use.

The leveling-off of weight loss within the 48 hour period might
indicate that the released material is probably quite volatile; this is

corroborated by mass spectral identilication {see Section VI).
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Epoxy Coating Materials

samples ol epoxy coating materials were prepared for vacuum-weight-
los=s deierminations in the tollowing fashion:

The coatings were applied to copper-wire coils of suitable

size to fit in the sample chambers; three-foot lengths of

16-gage copper wire were wound on a half-inch mandrel. The

copper coils were removed from the mandrel and in the coating

material, drained, and cured; then, a sccond coat was applied,

if required, and treated in the same fashion.

Eccocoat EC/200, supplied by Emerson and Cuming, Inc., was cured
for 6 hours at room temperature and 2 hours at 120°C (2 coats);
Eccocoat VE was cured for 6 hours at room lemperature and 2 hours at
959C {1 coat). Vacuws-weight-loss results for these coatings are given
in Table XIII. As indicated, the weight losses for both materials are
far in excess of acceptable limits and no indication of leveling-off is
given after 192 hours of exposure in the thermal-vacuum environment.
Evidence observed thus far indicates that these resins require more
extended curing at elevated temperatures, that they undergo slow decom-
position in the thermal-vacuuwnm environment, or that the curing cycle is

not long enough to remove any solvents that are present,

Weight-loss data were also obtained for a modified-epoxy coating
material, Clear Varnish B-276, supplied by Westinghouse Electric
Corporation. Samples were applied to copper coils as described above
and cured for 4 hours at room temperature, followed by 1 hour at 163°C,
in accordance to manufacturer's instructions. As shown in Table XI,
the weight loss apparently levels off in 96 hours, but nevertheless is
well outside of acceptable limits. Therefore, the curing time for this
material was extended to 16 hours at 165°C, and a much lower weight loss

was observed, i.e., 0.56% compared to 2.4% (see Table XI).
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Epoxy-Silver Solder Puste

Samples of a silver-filled cpoxy-paste solder, Eccobond Solder 36C
{supplied by Emerson and Cuming, Inc.) were prepared by using both a
catalyst for moderate lemperatlure properties, #9, and for improved high-
temperature propertiies, #11, and were applied to copper coils for the
welght~loss determinations. Solder 36C/9 was cured for 2 hours at 30°C
and 56C/11 was cured for 1 hours at 65°C; in both instances, weight-loss
levels were established within 48 hours, indicating that the values of
about 0.77 and 1.3, respectively, might be attributable simply to
wnremnoval of solvents duriug the cure. Since this is a unique and
imporrant material, new samples were prepared for 48-hour determinations
by extending the curing time (at the prescribed temperature; to 16 hours,
1.e., overnight. As shown in Table XII, the weight loss for 36C/9 was

cut in half, and that for 56C/11 was reduced by a factor of five.

Polyurethane Conformal Coatings

The JPL Conformal Coatings-10ul and ~1002, packaged in plastic
svringes as frozen adhesives, were stored at -140%F according to manu-
facturer's instructions (Ablestik Adhesive Company) since they have a
shelf-1life of only 24 hours at room temperatures. Formulation of the
two materials is the same except that JPL-10Ul1 contains a fluorescent
dye; preparation of samples for weight-loss determinations were carried
out as follows:

The syvringe and contents were warmed to room temperature, and

the adhesive was released from the barrel of the syringe onto

a glass plate. The plate with the adhesive was placed in an

oven maintained at 73°C for the recommended curing period of
1 hours.

The plate and cured coating were then cooled to room temper-

ature, and the coating was released with the aid of a stainless

steel spatula,

The resultant coatings were transparent, somewhat tacky, and quite
tough. Average thicknesses were as follows: JPL-1001, 0.050";

JPL-1002, 0.065",
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Pive resulis ol the woelphi-loss detemnminaticons are summarized in
Table XLV,  The values Tor JPL-1002 appear Sslightly better than JPL-1001

arter 192 hours ol cx

posure in the thermal-vacuwn cvnvironnent; however,

the tuiter achreved an apparent leveling-off within 96 hours, and the

tormer does= ot snow -such an 1ndication atier 192 hours.

Acrvilie-Gluss Fiber sSleeviag

Weloht=-loss determinations were made for two acrylic-resin treated
vlass=-Tiber sleeving materials used for wire and cable insulation,
Ben Har Acryl C-2 and Den Har Acryl A (Grad BAL) supplied by the
Bentlev-Harris Manutacruring Cowmpany . The results of these determina-
ions are swusarized rn Table XV; a: this time, Ben Har Acryl A is
conridered unsuituble in viow ol the white. powdery coating (not
iaun(i[iud} wirrch began deposiiiag on the walls of the sample chambers

within one-ball hour ol exposure to the thermal-vacuum eanvironment.,
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Table VIII

THERMAL-VACUUM WEIGHT-LOSS DETERMINATIONS :

GENERAL ELEC

TRIC SILICONE POTTING COMPOUNDS

- -6
1259 and 10 i torr

‘ S. Wt Weight Loss av., ~
Material Treatment . .
areria reatmen av o, g 48 hr 96 hr 192 hr

RTV-11 as received 3.0 1,33

3.0 1.97

3.0 1.68
RTV-11 postcured 24 hr at 150°C 3.0 0.18

3.0 0,72
RTV-60 as received 3.9 1.03

3.9 1.01

3.9 0.95
RTV-60 postcured 24 hr at 150°C 3.9 0.45

3.9 0,51
RTV-560 as received 1.0 3.43

3.7 3.83

3.9 3.85
RTV-560 posicured 24 hr at 150°% 3.5 0.67

3.5 0,77
RTV-615 as received 2.5 1.47

2.6 1.64

2.7 1.77
RTV-615 postcured 24 hr at 150°C 2,4 0.97

2.7 1.02
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Table IX

THERMAL-VACUUM WEIGHT-LOSS DETERMINATIONS:
GENERAL ELECTRIC SILICONE ELASTOMERS

. - -6
125°C und 10 torr

.. 1 . { ey 4
' S. Wi, Weight Loss ‘av , %
Material Treatment , ,
AV s B 48 nr | 96 hr | 192 hr
SE-5553 white as received 2.3 0,41
2.4 0.44
SE-555 grayv as received 1.6 0.42
1.6 0.65
1.6 ¢.74
SE-3613 24 480 postcured at GE 3.5 0,09
3.6 0.10
3.5 0.10
SE-3604 as received 3.0 0.08
3.1 0.17
3.1 0.15
SE-3713 24 480 postcured at GE 3.1 0.19
3.2 C.20
3.2 C.19
Table X
THERMAL-VACUUM WEIGHT-LOSS DETERMINATIONS:
GENERAL ELECTRIC POLYCARBONATE PLASTICS
-6
125°C and 10 = torr:
S wt Weight Loss .av , %
Material Treatment ,;7 :
Voo B Lag nr | 96 hr | 192 hr
Lexan 101-111 as received 1.8 0.22
1.9 0.20
1.8 0.20
Lexan 101-112 as received 1.8 0.22
1.8 0.20
1.7 0.19




Table

_(:
1259 and 10 °

THERMAL-VACUUM WEIGHT-LOSS DETERMINATIONS:
WESTINGHOUSE FEPOXY MATERTALS

torr
Weight s fav o, 7
- - S. Wi, eight Loss ‘av ,
Material Ireatment
av :
MERER 48 hr 96 hr 192 hr
Clear Varnish cured 1 hr at 165°C 0.8 2,38
B-276 0.8 2,64
0.8 2.58
Clear Varnish cured 16 hr at 165°C g.8 C.56
B-276
Micarta H-8157 a5 received 2.8 0,33
Circuit Board 2.8 ¢.40
2.7 0,38
Micarta 635M25 as received LU 0. 36
Circuit Boara 2.6 0.38
3.1 .41
Table XI1I
THERMAL-VACUUM WEIGHT-LOSS DETERMINATIONS:
EMERSON AND CUMING EPOXY-SILVER SOLDER PASTES
o= 0 -6
1257°C and 10 torr
.)-)‘ =< ., ,’” "-
. S, Wi, Weight Loss ‘av ',
Material Treatment av .,
A B 48 hr | 96 bhr | 192 hr
Eccobond cured 2 hr at 50°C 1.5 0.63
Solder 56C79 1.3 0.87
1.6 0.71
cured 16 hr at 50°C 1.5 0.31
Eccobond cured 4 hr at 65°C 1.5 1,12
Solder 36C,/11 1.6 1.44
1.9 1.26
cured 16 hr at 65°C 2,7 0.22
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Table XJIII

THERMAL-VACUUM WEIGHT-LOSS DETERMINATIONS:
EMERSON AND CUMING EPOXIDE COATINGS

(qeyn -6
klZDOC and 10 torr:

S wt Weight Loss f(av), %
Material Treatment CtoTe
AV7s B 48 hr | 96 hr | 192 hr
Eccocoat ECfZOO cured 6 hr at ambient 0.7 3.02
and 2 hr at 120°C 0.7 3.48
0.6 5,82
Eccocoat VE cured 6 hr at ambient 1.5 2,71
and 2 hr at 95°% 1.3 6.23
1.0 8.98

Table XIV

THERMAL-VACUUM WEIGHT-LOSS DETERMINATIONS:
POLYURETHANE CONFORMAL COATINGS, ABLESTIK ADHESIVE COMPANY

-6
71259 and 10 torr,

s, wt Weight Loss ‘av), %
Material Treatment ‘;V‘ *
‘ » 8148 hr| 96 hr | 192 hr
JPL-1001 cured 4 hr at 75°C 1.7 0.37
1.9 0.53
2.1 0.54
JPL-1002 cured 4 hr at 75°C 2.2 0.29
2.3 0.30
2.4 0.38
Table XV

THERMAL-VACUUM WEIGHT-LOSS DETERMINATIONS:
ACRYLIC-GLASS FIBER SLEEVING, BENTLEY-HARRIS MFG. COMPANY

‘125°C and 107% torr)

5wt Weight Loss (av), %
Material Treatment ’év‘ )
* 8148 hr| 96 hr | 192 hr
Ben Har Acryl A¥ |as received 2,5 0.32
(Grade BAI' 2,6 0.39
2.5 0.43
Ben Har Acryl C-2|as received 2.3 0.25
2,3 0.27
2.2 0.34

* deposited powdery white film ‘unidentified’ on walls of sample chamber

44

WY
gl



E. SUGGESTIONS FOR WEIGHT-1OSsS LIMITS

Suggoestions lor welght-loss limirs for representative polymeric
matoerials are made subsequent to a situdy ol the resulis obtained afier
exposure of fresh, duplicate samples for periods of 48, 96, and 1492 hours
1n the standardized vacuum-welight-loss apparatus. The primary
intent of the periodic determinations 1< to discern the maximum amount
ol weight-loss i1ncurred 1n the least amount of time, that is, the time
atl which weight-loss appears to level off., Since the majority of
puolyvmeric materiuls considered for use in spacecrafts do not deconpose
in the thermal-vacuum enviroument of 125°C and 10-6 torr, the welght-
loss can be atiributed gencrally to releasc of volatile materials such
as solvenutls and occluded morsture and gases, but sometines to unpoly-

merized starting moterials, processing oils, etc.

Correlative studies have shown that the werght-loss which is
immediate and thereutter steady i1s due largely to extraneous materials,
such as solvents, which will not affect the mechanical properties of
the materials; very often, a simple postcure will alleviate this
situation. On the other hand, the materials which incur increasing
amounts of weight-loss ure suspec: when ound considers the effect on
mechanical properties. It more than 1% of weight-loss is incurred,
2 material is gencrally not recommended since the consensus is that
weipght-losses greater than 190 may contribute to the degradation of
nechanical properties, Therelore, weight-loss limits for specific
exposure times are suggested in Table XVI for materials which may be
considered as candidutes for spacecrait use; the time is selectd
according to tne resulis which indicate that a steady-state weight -

loss has been incurred in less than 200 hours,
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Iv. AECHANICAL PROVERTIES

Al HEGHAXICALvPROPERTY BEHAVIOR OF POLYMERIC MATERIALS

IN THE THERMAL—“XCUUM ENVIRCAMMENT
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Test Results

In situ coutinuous and intermittent stress relaxation tests of

rings of silicone rubbers SE-555, -3604, -3613, and -3713 and Hycar

rubbers 520-67-108-1 and -3 were conducted in duplicate. Counstant

load tests in vacuo of Lexan polycarbonate film were also undertaken.
Specimens of each of the materials were also stored, under no-load
condi tions within the vacuum-chamber at the test temperature (125°C),
for later constant-strain-rate tests. Prior to raising the temperature
in the test areas to 125°C, specimens were conditioned under vacuum

at 50°C for periods ranging from 145 to 280 hours. Continuous and
intermittent stress relaxation tests of silicone rubbers SE-555 and

-3604 were also conducted at 125°C in an air environment.

Results of stress relaxation tests are presented in Figures 8 to
13, inclusive, and in Table XVII and XVIII. The effects of the vacuum
thermal environment on the tensile properties of stored materials are
shown in Tables XIX and XX. Environmental conditions for each test are

indicated in the footnotes to the tables.

Discussion of Results

As discussed previously,2 the results of continuous-and
intermittent-stress-relaxation tests can be interpreted to yield informa-
tion concerning the rates of aggregative and disaggregative reactions
occurring upon degradation of rubbery materials. The decay of stress
in rubbers maintained at a constant extension is a direct measure of
chain-scission, or disaggregative reactions; the net effect of cross-
linking (aggregative) and scission reactions is measured by the results
of the intermittent test. In the latter test, if the cross-linking
reactions are faster than scission, intermittently measured values of
stress increase; conversely, if cross-linking is slower than scission,

stress decreases.,

The intermittent test yields stress values which can also be used
as a measure of modulus change with time. Thus, the last datum point

obtained from the intermittent test should be comparable with the value
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Gio~tress v oo osirndn ob UL20 obtnaned Lrom dhe constunt-straln-rate
tost ool o unstradlnoed rines sitored o the voacuws-thoermal onvironment .,
Anottier oy ool cevaluaring vhe dota Lrom the siress-relaxotion tests 1s
1o considoer how the elastomer 1s Lo be used in the spacecratt.  The
results of the continuous tests are direcily related to an application
ob the elastomeyr where thwe motorial is under constant strain, 1L the
material iz normally relaxed or under siight compression (as in an
O-ring application,;., the intermittenl tesis, or the cifccts of storage

on lteusile properiies, are more divectly applicable.

s

Exsmination oi the results ol Figures s and 9 and Table XVII leads
e oobscrvation that Hyear-1 1s apparently more stable than Hycar-3
1 the vacuwn-thermaal cuavireament, although the results of the Later-
mlitent tests wndicate o higher rate ol cross-linking., The influence

ol the vocuw.-thermal environmenl on teusile properties (Table XX) again
shows that the modulus increuasc 1s greater for Hyecar-l than for Hycar-3,
put the ¢ffect 1s small; ruprurc properties of the two exposed materials
are not sSignifzcantly difterent.  Thus, Hycar-1 would be expected to
pertomy beiter then Hyear-3, unless the materials were used in an
anstralned condition; in such o case, the Hyvear-3d mipght have slighrtly

Deller characiori=tles,

Of the silicone eclastomers, SE-333 (Figure 10} 1is significantly

.

interior to the other three materials studied (Figures 11-13, inclusive)

¥11h the results of continuours and intermiitient tests indicatiag

hlgher rates ol degradation, The sSE-533 was also shown to be

definitely nierror to SE-3oul 1n regard te thermal stability in aiv
(Table XVIII). Ia comparison with Hvear-l, however, SE-335 has superior
properties. It is interesting (o note at this time that both SE-555 and
Hycar-1l are apparently more stable than the materials reported pre-
\'iuu»\ly,2 namely the Viwons, Nordels, and Hypalons. These statements
are general rerlections of over-all chauges; cousideration of material

application, t.e., strained or unstrained, might re-order the relative

perliormance expectied.
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By examining the test results for SE-3604, - 3, -3713
{Figures 11-13, and Tables XVIL and XX}, 1t is ok ved that SE-3604
is apparently the most stable, although the dit’” ences are not great.
The difference between results of the stress-relaxation tests of
SE-3604 and those for SE-3613 is almost insignificant; however, exam-
ination of the tensile properties (Table XX) indicates that the rupture
properties of SE-3604 are almost unaffected while those of SE-3613
show significant reduction of both stress and strain at rupture. The
intermittent test results for SE-3713 indicate higher stress levels;
this effect is expected since the same rate of cross-linking would be
reflected by higher stress levels in materials with higher concentra-
tions of reinforcing solids. The effect of the vacuum~-thermal environ-
ment on the tensile properties is upproximately the same for both

SE-3613 and SE-3713.

The effect of the vacuum-thermal euvironment on the properties of
Lexan is shown in Table XIX. The major effect noted is the elimination
of yielding. Rupture\of the exposed material was found to occur at
approximately the same stress as the yield stress of the unexposed
specimens, and there was an indication that the tensile modulus may
have bheen somewhat decreased. Coustant load data are not reported
because of erratic results and the extensive deformation which occurred.
The distortion temperature of Lexan is reported to be about 125%C, and
occasional brief excursions of storage temperature to 128-130°C resulted
in step-changes in deformation of as much as 30%. These results demon-
strate the unsuitability of Lexan as a structural material for use at
1259 or above. Table XIX also shows the tensile properties determined
for polyphenylene oxide; this material ruptures at its maximum Stress
and does not yield in the manner of Lexan atl the test rate and tempera-
ture used. Rupture stress is almost twice that of Lexan and the rupture

Strain is about the same as the Lexan yield strain.
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Test= in pl't_,v;_', I'eos s

Tesis o1 mcchanical bohovior o tne vooulsi-therimal envivonment are
10 progress wiith various moelerials in Storage as well as active tests
ol Hycar 320-67-108-2, SE-3813, .nd polypbeayvliene oxide film, The
smaterials 1n storage include =pecimens ol thesSe three materials as well
as rings of three batenes of Enjay Butyl rubber, as noted above., Pre-
liminary examination of resultis of tihie tests thus far indicate that
Hiycar-2 appears to be cross-linking at o higher rate than either
Hyveuar-1 or -3, and that SE-3813 uppears to e behaving as did SE-3713
with 1ncreased stresses belny developed due to higher filler coancentra-
tion. The PPO specisens are being suvjected to a constant load of
2,000 ps1; afier 300 hours in vacuun at 125°C, one of four specimens has

broken and alimost no deformation has ouvcurred in the surviving specimens,



Table XVII

EFFECT OF VACUUM-THERMAL ENVIRONMENT
ON STRESS-RELAXATION BEHAVIOR
OF HYCAR AND SILICONE RUBBERS

Intermittent Continuous
Material %?p?ox. Time to £t fo at Appf?xt Time to £t /flo at
tit ,f o >»>1.0 ft.;/fio. =0.9 e
' 120 hrs 500 hrs : *“9120 hrs 500 hrs
hours hours
Hycar-1 1 1.16 ~1.65 0.6 0.84 0.80
Hycar-3 3 1.06 1.38 0.3 0.59 0.48
SE-555 Red 2 1,06 1,36 4 0.87 0.82
SE-3604 2 1.04 1.21 220 0.92 0.89
SE-3613 3 1.08 1.32 300 0.95 0.89
SE-3713 3 1,12 1,58 1235 0.94 0.86
Notes: 1, All tests conducted at strains of approximately 0.25

9

- .

3.

Data obtained from best curves drawn through
duplicate test results

Exposure conditions consisted on two stages:

Hvcar-1 and -3--/a 215 hours at 50°C

-6
and an average pressure of about 4 x 10

torr, ‘b 1055 hours at 125° and an average

pressure of about 4 X 1076 torr.

SE-555 and -3604--'a 280 hours at 50°C_
and an average pressure of about 4 x 10
torr, ‘b’ 1040 hours at 125° and average
pressures of from 3.2 to 4 x 1076 torr,
SE-3613 and -3713--'a 145 hours at 50°C

- -6
and an average pressure of about 5 x 10

torr, ‘b 910 hours at 125° and an average

pressure of about 2 x 1076 torr.
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Iiihle NVITI

FIVECT CF AIR-THERMAL ENVIRONMENT

ON STRESS-HRELANATION BREHAVIOR OF SILICONE RUBBERS

Intermitient Continuous
Material jApprox. Time to} . . Approx. Time to
. . t o f o at L f o at
£ 0 1t ¢ 1., v f o = 0.8 .
GO hours 20 hours
liours hours
SE-555 Red -~ 91 1.0 27 0.81
SE-3604 118 1.0 >118 0,92
Noltes 1. A1l tesis conducted at strains of approximately 0,25,
2. Data obtained from tests of single specimens,
4. Environment! consisted of one atmosnhere of air at 125°C

Table XIX

TENSILE PROPERTIES OF LEXAN
AND POLYPHENYLENE-OXIDE PPO

MaterialjHistory

Ruprure Yield

Siress ysiL|{Strain, in injgStress ysifStrain, in - in,
b b ; s

Lexan Control 2860 0,58 3560 0,08
Exposed 3800 (.14 - -
PPO Control G560 0,075 - -

Notes:

1.

All rtests were conducted at a crosshead rate of
0.02 in min and atl a temperature of 125°C,

Tes: specinmens were dopbone shapee; 0,005-inch
thick, 0.125-inch width, O.8-inch test length,
Strain was calculated on the basis of an 0,8-inch
elfective gage length.

Lexan «control data based on average of duplicate
tests; remaining data bascd on average of four tests,

Lexan exposure conditions were as indicated for
SE-3613 and -3713 in Table XVII,

2
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Table XX

EFFECT OF VACUUM-THERMAL ENVIRONMENT
ON TENSILE PROPERTIES OF HYCAR AND SILICONE RUBBERS

. Stress at Stress at | Strain at
. . Test Temp., .

Material |History o¢ Strain of 0.25, | Rupture, Rupture,
psi psi in./in,

Hvcar-1 Control 25 95 1180 1.87

Exposed 25 166 990 1.01

Control 125 75 385 0.97

Exposed 125 155 404 0.52

Hycar-3 Control 25 104 1240 1,31

Exposed 25 184 980 0.68

Control 125 108 435 0.72

Exposed 125 192 505 0.40

SE-555 RedjControl 25 65 825 4.17

Exposed 25 84 760 2.86

Control 125 53 310 1.92

Exposed 125 77 311 1.29

SE-3604 Control 25 109 637 1.04

Exposed 25 131 662 1.04

Control 125 112 405 0.65

Exposed 125 125 463 0.68

SE-3613 Control 25 87 422 0.88

Exposed™® 25 104 358 0.68

Control 125 98 253 0.61

Exposed™ 125 116 190 0.40

SE-3713 Control 25 165 760 1.06

Exposed™ 25 195 643 0.79

Control 125 168 546 0.84

Exposed¥® 125 201 440 0.58

Notes: 1, All data points are averages of measurements on

duplicate specimens,

in triplicate.

W B
.

¥ jndicates average of tests

Tests were conducted at an extension rate of 0,1 in./min.
Control specimens were stored at normal room con-

ditions for the entire period from specimen preparation

to final testing.

4. Exposure conditions were as indicated in Table XVII,
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B. EIGHT-MONTH STORAGE TESTS OF SELECTED POLYMERS

since nuch of the evaluation i1n a thermal-vacuuan environment of
polyviieric nmuterials for spacecrait use ts based on relatively short-
term test nelhods, there 1s always the question of reliability of
materiul performance in long-term exposures in actual spacecrafts,
particularly when flights 1o the planets are of such long duration,
e.g., 8 months to Mars. Therefore, one commitment of this program 1is
10 maintain observation of selected polymeric materials during an
B8-month exposure to conditions of 1239C and < 1079 torr, tor two
reasons: (1, to monitor the preservation or degradation of mechanical
properties, and (2, to determine the elfeciiveness of short-term tests

in the evaluation oil polyvmers for loag-term use,

Of the materials studied thus far under this contract and under a
prior contract (JPL v50324),2 three elastomers have shown the best
performance in mechanical property tests: General Electric SE-3604
{s1licone), du Pout Viton A4111A-990 {vinylidene fluoride-hexafluoro-
propylene), and Goodrich Hycar-32u-67-108-1 {polyacrylic nitrile). In
discussion with the JPL Cognizant Engineer, it was decided that these
materials would be subjecled 1o different levels of constant strain
for an s-nonth period: the surviving materials, as well as specimens
which had been stored in an unstrained condition, would be tested for

tensile properties to detect whethev subtle changes have occurred.

Interpretation of test results av the end of the §-month storage
period will involve comparisons ol tensile properties and observations
of the times~to-rupture of the strained specinens., Teunsile properties
for each material afier the 8-month exposure to vacuum at 125°C will be
compared 1o control and luuvU-hour data 1o determine the approximate
rate of change of properties 1n the 100U~ to 600U-hour periods as com-
pared to that of the first 1000 hours. Similarly, by observing the
times-to~rupture during the 8-sonth period, determination should be
possible of whether degradation of pruperties had diminished or increased
in the time period beyond 1UU0 hours. Idecally, if the specimens at the

largest strain will rupture during the first 1000 hours, survival of all
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remalning strained spocimens would indicate low or decreasing rates of

degradation beyond luou hours, If specinens contlinue Lo rupture at

successively smaller strains during the entire period, degradation rates

can be assumed to be constant or increasing. If, on the other hand, uo
specimens rupture during the cntire progroam, while good stability might
be lndicated, the lack of results would not allow meaningtul intercnces

1o be made,

Photographs of the assemblies constructed for this purpose are
shown in Figures 14 to 17, and design drawings are given in Figures 18

1

1o 25. Figure 14 shows the basic structure and the supports on which

clastomeric materials {sample rings) can be placed at calculated strains,

In Figure 15 the glass cylinder heater 1s shosn around the basic
structure. The glass has been coated at SRI with a bismuth oxide -
gold-bismuth oxide laminate; the gold layer is of the order of 90-100 g
in thickness. At intervals, current-carrying copper wires have been
atfixed to conducting silver paint which is deposited under and over
the laminate; atfter deposition of the laminate over initial bands of
silver paint, the assembly was aunealed at 40UY%C, and then the final
bands of silver paint were applied. As shown in Figure 15, clear

visibility 13 provided through the heater.

The bell-tube (vacuum chamber) for each unit is shown in place
in Figure 16 and an assembly of four units is shown in Figure 17,
Alwninum shields serve a dual purpose, 1.e., maintenance of thermal
equilibrium and protection from radiation (fluorescent fixtures).
Each unit has a separate heating control, three-position thermocouple
read-out, and vacuum system., The thermocouple beads are inserted in
pieces of the same elastomer as being tested: thus, the observed
temperatures at different locations within the unit is representative

of the temperature of Llie materials under test,
Rings of each material were stretched at room temperature between

support pins to the largest strains which could be sustained. In most

instances, four rings were placed at each level of strain, and at lcast



four rings were stored unstrained as controls in each unit, Only one
elastomer species 1s used in each unit in order to prevent cross

contamination by volatilized substances.

At start-up, each unit was evacuated to less than 1073 torr wiEh
a mechanical pump, and then its ion pump {(Varian, 15 liter/sec) was
turned on. When a pressure of less than 1079 torr was indicated, each
unit was permanently sealed off by crimping the fore pump line. Then

the temperature of the units was raised gradually as described below.

Preliminary outgassing of the materials was accomplished at about
109C for about 175 hours, during which time the pressure was less than
1072 rtorr. Approximately 10 hours were required to raise the tempera-
ture from 40°C to 1253°C; the pressure did not exceed 10~4 torr during
that period. Storage time is computed from the approximate time of
first exposure to 125°C, which was at about 6:00 P.M, on December 27,
1965. From U to 30 hours, the pressure was less than 1074 torr; from

30 to 150 hours, the pressure had decreased to less than 1076 torr.

Data on the number of samples at various strains in each unit and
times of rupture are summarized in Table XXI for the period December 27

to February 27, 1966.

The fourth unit is being reserved for constant-load tests to be

performed with a plastic material,
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Table XXI

SUMMARY OF DATA FOR EIGHT-MONTH STORAGE TESTS IN VACUUM
‘December 27, 1965 to February 27, 1966)

. Approx. Strain, . Approx. Rupture
Material in./in. No. of Rings | r1ire hrs at 125°C
SE-3604 0 5
.General 0.25 4
Electric 0.35 4
0.50 4
0.75 4
1.00 4
1.50 4 1 at -160: 1 at -7
1 at O
Viton (4] 8
A4411A-990 0.25 4
Du Pont! 0.35 4
0.50 4
0.75 4
1.00 4
1.50 4
2,50 4
3.50 4 2 at -3
Hycar-1 o 4
{B.F. Goodrich 0.25 2
0.35 2
0.50 2
0.75 4
1.00 4
1.50 4 2 between 100-160
1 between 170-185
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FIG. 15

VIEW OF CONSTANT STRAIN APPARATUS WITHIN GLASS
CYLINDER HEATER

TA-5046-67
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TA—-S046-68

FIG. 16 VIEW OF CONSTANT STRAIN APPARATUS AND GLASS CYLINDER HEATER
WITHIN BELL-TUBE
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FOR 8-MONTH STORAGE TESTS
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V., VOLATILE CONDENSABLE MATERIAL

The philosophy aand purposce uvi determinations tor volatile condens-~
able material {VCM) have been discussed at length in another report;2
the VCM value has been defined as the weight of condensate obtailnable at
2539C in a given interval of time from a unit area of material of a
given thickness maintained at 123°C in a vacuum of at least 1()—6 torr,
Examples of VCM values are given in the following table for an acceptable
polymer, Viton A4111A-890 {(du Pont, vinylidene fluoride-hexafluoro-
propylcuu) and an unacceptable polymer, Hyvpalon A2211A-2718 (du Pont
chlorosulfonated polyethylene).

e O m O . 2
Exposure VCM Value at 125/23°C, mg/in

Time, Hrs Viton A4-111A-990 Hypalon A2211A-2718

24 1.43 3.58
18 0.49 6.88
v6 0.73 9.05
300 U.o1 22,03

These data were the last to be obtained with the prototype VCM appa-

ratus? which has since been dissembled for replacement by an improved

VCM apparatus.
A, IMPROVED VCM APPARATUS

The prototype VCM apparatus has been shown to be entirely satis-
factory for the work pertormed thus far; however, the application of
this apparatus was limited to elastomeric sheets, Since both plastics
and elastomers in various configurations, such as tie-cords, laminates,
sleevings, etc., must also be evaluated, and since an increased amount

of data per Jd-week run for engineering curves is desirable, work

4
Muraca, R, F., et al., 'Space Environment Effects on Polymeric
Materials,"” Stanford Research Institute, Interim Technical Report No. 2,

Project 4257, May 1965.
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puriormed during this reporving period has involved the design and
fabricaiion of 0 new and nore versatile appearatus.,
The new uniis will provide for simultaneous VCM determinations for
10 to 1z samples, and zay best be described as iadividual “clam-shells
L b 2

spun from copper, witlh appropriate supports to accommodate any type of

“sample. The heating element for each c¢lam-shell consists of X~Actiglo

wire wrapped uniforwly around the shells and soldered in place. The
polished copper collecior plates are fastened to a support cooled by
soldered-in-place water lines. Fabrication ot the units has been
completed; o check-outr run of a prototype unit has shown that the
teuiperature of 1259%C is readily maintaianed within the c¢lam-shell and
GU the nozzle, while the colivctor plate is malntained at 239C,

A plnping syvstem of greater capacity than that used previously is
reguited for rhis increased load (12 units compared to 6). Work is
underway toward the doesign and rabrication of this system; work will be
initiaved on the VG delerminations as =oon as the system can be

as-embled.,

VCM Valucs

o,

As described earlicr, VGI values for elastomers have related 1o a

unit areva of material of o given thickaness:
w1 ol VOM per uanit area

In future work, VCM values will be defined in accordance with the

configuration of the material, for example, tie-cords:
wt of VCM per unit length

Pertinent dimeunsions, such as width of tapes and thickness of films will
be identified.
B. MICRO-VCM

A real need of hoth phases of this program has been for a rapid
screening procedure which will expedite the selection of materials for

detailed qualification tests {(Phase 1) and for extended evaluation

(Phase II). For this reason, a multiple-unit has been designed and
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Pubiraicated whiaooh will provide within 24 hours values of the maximum VCM

Lo 22-24 samples,

Souaples of Loo=-2ou mrlligrasmy are used wioh tihls unit; hence, these
detorsinationg= are called wmicro-VCi© for contrast with the VCM values
previcusly wentioned.  Since the sample weights are of the order of
milligrams, the miero=VO volue retlects the maximum amount of volatile
condensable subsiance which w111 be released by a polymeric material at

125YC 1n vucuo. (It will not illustrate the subsequent evaporation of

condensed wmaterial with time, which is indicated by the VCM curves

estlablisned 1or engiueerinyg laformation. ) Additionally, vacuum-weight-

Aadtion= can pe conducted concurrently,

The apparaius s stluched 13 a 6-1uch c¢lbow o a high-speed vacuun
syv=Eten, eyulpped with o Welch 13978 torepunp and a CVC NCF-700 oil-
diifusion pusp. \ pressure ot 107% orr can be naintained by employ of
4 bigquid-nitrogen trap in the system,  A$ shoan in Figure 26, the elbow

1s fitted with vacuun gauges and utility plugs which carry the lines for

power, wuter cooling, and thermocouples.

The micro-VCM apparatus consists of two units, each of which are
set up tor 12 samples. Figure 26 illustrates the front and back of
individual units. Samples are contained in individual bored-out compart-
mwents, in a solid copper block, which are covered by the copper discs
shown iun the front ol the photograph. The heating element for the block
is X-Actiglo wire which hus been soldered in place at sufficient

intervals to maintain uniformly a block temperature of 125°C.

Also shown in the photograph is the c¢opper plate which holds the
VG cellector plates and is cooled by soldered-in-place water lines.
The screw-heads appearing between the cooling lines hold the collector

plates in place; the plates are not shown in Figure 26,

The path from the sample compartments to the collector plates is
defined by a hole of large size in comparison with the compartment size;
cross-~contamination between compartments is eliminated by insertion of
an egg-crate-like baffle.
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Figure 27 provides a close-up view of the micro-VCM apparatus,
Design drawings of the unit are being prepared and will be published

at a later date.
Procedure

Samples of 100-200 milligrams, cut in small pieces, are placed
in previously-weighed micro aluminum boats and stored in an atmosphere
of 50% humidity for at least 24 hours. Then the.sampleé are wéighed
oﬁ a hicrobalance and placed in the compartments in the copper block;
the cdmpartment covers, sealed with Teflon gaskets, are secured by
screWs. The polished and cleaned copper collector plates are also
weighed on a microbalance and fastened firmly to the copper cooling
block by a screw arrangement. When the bell-jar (shown in Figure 26)
has been set over the apparatus, and the system has been evacuated to
a pressure less than 10~° torr, the copper blocks are heated to 125°C
and controlled by variable transformers. The temperature is maintained
for 24 hours; then the block is allowed to cool under vacuum to at
least 50°C, whereupon the bell-jar containing the apparatus is vehted

with dry nitrogen or helium, The samples and collector plates are

“Temoved and placed in desiccators, and weighed in order of removal

from the apparatus,

The micro-VCM value is calculated on a wt-% basis (maximum VCM
available); weight-loss is also calculated on a wt-% basis. The dif-

ference between the two values is reported as‘%hnoncondensable material.

Discussion of Micro-VCM Determinations

Because of data obtained in prior work, two elastomers were
selected as control samples: 4SE-555 (white) which has a large VWM
content compared to noncondensable material, and Viton-990 which has
a small VOM content compared to noncondensable matefial. These samples
will be run with each set of determinations until an estimate of limits
can be determined for the results obtained with this apparatus. Absolute

and closely-reproducible values are not anticipated with this procedure,
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FIG.27 CLOSE-UP VIEW OF THE MICRO-VCM APPARATUS
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since the Qnifqrmity of polymer formulations cannot be assﬁmed when
micro-sized samples are taken at random; however, it is felt that it
will provide highly-satisfaciory results for screenihg cahdidateﬁ
materials. A summary of the results for control samples in three

different runs are given in Table XXII.

TABLE XXII
MICRO-VCM DETERMINATIONS OF CONTROL SAMPLES

(24 hr at 125°C and 10~% torr)
(VoM collector plates at 25°C)

Run Material Total Wt. vCM, Noncondensable
No. |Loss, % wt-% Wt. Loss, %
1 SE-555(white) 0.29 0.22 | ©0.07

0 .41 0.28 0.13
2 0.78 0.43 0.35
.72 0.42 0.30
3 0.57 0.32 0.25
1 Viton A4411A-990 0.49 0.01 0.48
0.53 0.09 0.44
2 0.55 0.01 0.54
0.63 0.02 0.61
3 0.51 0.00 0.51

In general, duplicate determinations for both weight-loss and VCM
values average about + 0,06% (abs.). As shown in Table XXII, repeated
determinations for the same material may show a variation of % 0.2% (abs.)

which is quite adequate'for screening.
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Micro-VCM and weight-loss data for the first screening runs of
‘candidate polymeric materials are given in Table XXIII; bertinent notes
regarding sample preparation are listed. Polymer classes and code

names are:.

Enjay Butyl Isobutylene-isoprene, elastomers
Hycar v © . Polyacrylic-nitrile, elastomers
JPL~100X Polyurethane, conformal coatings
Lexan Polycarbonate, structural plastic
Micarta Glass-fiber-reinforced epoxy,
circuit boards (65M25 is copper-clad)

Nordel - Ethylene-propylene terpolymer,

: " elastomers
SE-555 Silicone, elastomers

The values obtained for weight—loss agree within 0.2% of those
obtained by the standardized weight-loss procedure (see Table XVI).
Maximum VCM values for SE-555 (white) and Viton-990 (see Table XXII)
and SE-555 (gray) (see Table XXIIl) agree favorably with those obtained

at 48 hours (maximum) in the prototype VCM apparatus:

: Prototype Micro-
Material VCM-Value VQi-Value
SE-555 {white) 0.56% 0.28% (av)
SE-555 (gray) 0.40 0.30 (av)
Vi ton-990 0.50 0.02 (av)

Exact duplication of former results was not anticipated because of
the different areas used for VOM collection. In the micro-VCM apparatus,
gli VCM is collected directly on a collector plate of approximately
twice the area used in the prototype apparatus. The increased surface
area permits volatilization of material at a greater rate and thus the
residuals on thekmicro~VCM collector plates would have a slightly
different composition than in the prototype apparatus; nevertheless, a

factor of two difference is observed in most instances.

An illustration of the effectiveness of the micro-VCM procedure
for screening is illustrated by the results for Nordel-115; VCM values
were determined previously2 at 143°C and 93°C for 24-hr periods, with
resulting values of 2.0% and 0.3%. A straight line can be drawm
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Table XXIXY
MICRO-VCM DETERMINATIONSa

(24 nr at 125°C and 10—6 torr)
{(VCM collector plates at 25°C)

. b | Total Wt VCM, Noncondensable c

Material  Mfr Loss, % We-% Wt-Loss, % Notes .
Enjay Butyl EX-1090 | ECC 0.80 0.24 0.56. 1,3
Enjay Butyl EX-1091 | ECC 0.70 0.20 © 0.50 1,3
Enjay Butyl EX-1092 | ECC 0.86 0.10 0.76 1,3
SE-555 (Gray) GE 0.53 0.30 0.23 1,2
Hycar-520-67-108-1 | BFG 1.90 0.17 1.73 1,2
JPL-1001 AA 0.20 0.10 0.10 1,4
JPL-1002 AA 0.19 0.03 0.16 1,4
Lexan 100-111 GE 0.06 0.02 0.04 1,2
Lexan 101-111 GE | o.08 0.01 0,07 1,2
Lexan 101-112 GE 0.09 0.04 | 0.05 1,2
Lexan 103-112 GE 0.08 0.00 0.08 1,2
Micarta H-2497 Lwe "0.18 0.00 . 0.18 1 1,2
Micarta 65M25 WE 0.43 0.00 0,43 1,2
Nordel A5411A-115 DuP 1.80 1.29 0.51 1,5

a) Values are average of 2 determinations: for duplicate samples,
VCM and wt-loss may vary *0.06% abs.

b} ECC, Enjay Chemical Company GE, General Electric Company
BFG, B. F. Goodrich Company WE, Westinghouse Electric Company
AA, Ablestik Adhesive Company DuP, E.I. DuPont de Nemours

Company; Inc.
c) 1, Conditioned ip 50% humidity for 24 hr before initial weighing,
and stored in desiccator for 30 minutes before final weighing.
. Sample used as received.
Postcured 4 hr at 150°C.
Cured 4 hr at 75°C,

(5 T L N )
* L]

3

Postcured 18 hr at 175°%.

81




between these points, since the VCM value is a function of the rate of
evaporation at a given temperature, and a value of 1.4% can be estimated

for VCM at 1259G; the micro-VCM value is 1.3%.

The maximum value for VCM at 143°C after 300 hours, for Nordel-115,
was about 3.0%. Thus, a maximum value for VCM at 125°C can be estimated
as 2.0%. In this comparison, the micro-VCM value at 1.3% for maximum-
VCM may appeaf to be a little low, but it is in keepidg with the o
differencés'éﬁticipated for reasons.described above, and it still>in;‘ 

dicates the unsuitability of this material for spacecrafts.
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VI. VOLATILE MATERIAL

Mass spectral identification of substances volatilized from poly-

meric materials at 125°% in vacuo is made in correlation with the studies

‘being performed with regard to mechanicalfproperty measurements and\VCM,‘,

determinations. The procedure involves the pumping of a sample overnight'

at room temperﬁture, in a modified inlet system attached to a CEC Model
21-103C mass spectrometer, to remove surface gases and moisture; then it
is brought quickly to a temperature of 125°% and the evolved vapors are

scanned immediately.

In view of the contrast in VCM values between Hypalon-2718 and
Viton-990 (see Section V), and the fact that most of the weight—loés for
the Viton was due to noncondensable material, it was interesting to ex-
amine the volatilized products. Viton-990 is a co-polymer of wvinylidene
fiporide and hexafluoropylene; as shown in Table XXIV, all of the com-
ponents are quite volatile under these conditions. Hypalon-2718 ié a
chlorosulfonated polyethylene; the data éummarized in Table XXV migﬁt ex-
plain the discoloration of the copper plugs, the increasing VCM values
with time, and the reduction of polymer resilience during the VCM

determinations,

Since degradation of mechanical properties had been reported for'a
Lexan film, both vacuum-weight-loss determinations {see Section 1II) and
mass spectrometric examination were performed for Lexans (polycarbonates)
of similar composition, The weight-loss was shown to be very small
(0.2%); at first glance, there is little to indicate a material which
would accdunt for the loss of mechanical properties in the summary of
volatile products given in Table XXVI, All of the products are easily

attributable to synthetic processes, However, decomposition studies
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of polycarbonates {in air and vacuum af higher_temperatures)j have
indicated that the presenée of»minéral acids or organic chloride in

the polycarbonate apparently enhances the degradation of the material.
Hydrochloric acid is formed QUring the process and is admittedly diffi-

cult to remove.

Table XXIV

MASS SPECTRAL IDENTIFICATION
OF SUBSTANCES VOLATILIZED FROM
DU PONT VITON A4411A-990

{(125° and 10_6torr)

Identified Component Estimated Composition, %
Water 50
Carbon dioxide 5
Benzyl ether 16
Dioctylphthalate
( .
‘CFz}n’ to at least C4 6
annFn’ to at least C10 '

3 Lee, L. H., Am. Chem. Soc., Div. Org. Coatings, Plastic Chem,,
Preprints 22{2), 131 (1962),
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Table XXV

MASS SPECTRAL IDENTIFICATION
OF SUBSTANCES VOLATILIZED FROM
DU PONT HYPALON A2211A-2718

(125°C and 10°® torr)

Identified Component Estimated Composition, %
Water - - : 73
Carbon dioxide 8
Sulfur dioxide 1
Hydrochloric acid SR 0.1
Unsaturated hydrocarbons, 10

to C20 ‘
Ester of phthalic acid 8

Table XXV

MASS SPECTRAL IDENTIFICATION
OF SUBSTANCES VOLATILIZED FROM
GENERAL ELECTRIC COMPANY POLYCARBONATES*

. | (125°C and 106 torr)

Identified Lexan Lexan Lexan Lexan
Component 100-111 | 101~-111 §101-112 |103-112
Mixed hexanes 46% 68% 48% 14%
Sug:;:izzed cyclo- 7 7 g 3
Water 28 12 28 66
Carbon dioxide 2 2 5 9
| Phenol 2 4 3 3
Bisphenol-A 1 1 - -
n-Propylamine 9 3 3 1
Hydrochloric acid 4 1 3 3
Aromatic components 1 2 1 1

¥ 100-111, unstabilized; 101-111, heat-stabilized;
101-112, tinted; 103-112, heat- and UV-
stabilized, ’

to mol, wt, 256 for 103-112; to mol. wt, 400 for
others.
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FUTURE WORK

A. MATERIAL SPECIFICATIONS

Investigations of physical and chemical properties of polymers will
be conducted as required for incorporation into specifications require-

"~ ments and test procedures.

Vacuum-weight-loss determinations via standardized procedures will
be made on a continuing basis in order to establish limitations for

specifications requirements for various polymeric materials.

Close co-operation with the JPL Cognizant Engineer will continue in
the selection of material properties to be determined, in suggesting test

methods for specifications, and in reviewing draft specifications.

B. ENGINEERING INFORMATION

Micro-VCM determinations will be made on a continuing basis in
order to assist the Cognizant Engineers for both phases of the program

in selecting materials for more detailed evaluation or characterization,

Work will continue on the fabrication and assembly of thé vacuum
system for VCM determinations which will be made in the clam-shell units,
Determinations with the new apparatuses will be initiated as soon as an

appropriate vacuum system can be assembled.

Corollary identification of volatilized substances by mass spec-

trometry will be made as bertinent.

Regular observations will be made of the status of the elastomers
which are stored under constant strain for 8 months, The test of a

plastic material under constant load will be initiated,

Work will continue on the measurements of stress relaxation changes
for selected polymers during a 6-week exposure to the thermal-vacuum

environment,
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NEW TECHNOLOGY

In accordance with the New Technology Clause of Contract 950745

under NAS7-100, formal announcement is made of the various'technolé

“ogies'which have been developed or advanced at Stanford Research

_Institute under JPL/NASA spoasorship.‘

(1) VACUWM-WEIGHT-LOSS APPARATUS FOR POLYMERIC MATERIALS
Innovator: R. F. Miuraca
First used: July 1965
. Reports: Interim Report No. 1 (August 1965)
Interim Report No. 2 (March 1966)
(Monthly Reports No. 13, July 1965, and following)
The apparatus is designed specifically for détermining the
thermal-vacuum weight-loss of polymeric materials in a simulated
, spacec:aft eavironment. Descriptiqn of the vacuum system uséd
with the weight—lésélapparatuses and a standardized procedure

for determining weight-loss is also given.

(2) LONG-TERM STORAGE APPARATUS FOR POLYMERIC MATERIALS
Innovators: R. F, Muraca with N, Fishman
First used: December 1965
Reports: Interim Report No. 2 (March 1966)
‘ (Monthly Reports No. 16, October 1965, and following)

The long-term storage apparatus, including a vacuum system,
has been designed spécifically for subjecting elastomeric
materials to constant strain during long-term exposure to a
simulated spacecraft environment. Description of the procedure

for initiating the tests is also given.

A second apparatus (using the same vacuum system) is being

fabricated for subjecting plastic materials to constant load.
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(3)

(4)

MICRO-VCM APPARATUS FOR POLYMERIC MATERIALS
Innovator: R. F. Muraca
First used; January 1966
Reports: Interim Report No. 2 (March 1966)

(Monthly Reports 17, November 1965, and follow1ng)

The micro-VCM apparatus is a multiple-unit (24 samples)

designed for screenihg‘all kiuds‘of:polymeric materials in a
simulated spacecraft environment. 4Vacuum~weight-loss and VWM
(volatile condensable material) are determiued concurrently.
Description of the accompanying vacuum system and the procedure

are also given.

IMPROVED VCM APPARATUS FOBR POLYMERIC HATERIALS

Innovator: R. F. Muraca

First used: (preliminary check-out only)

Reports: Interim Report No. 2 (March 1966)
(Monthly Reports No. 15, September 1965, and
following) -

The improved VCM apparatus is designed to provide engiﬁeér-
ing information on the deposition and subsequent removal of |
volatile condensable materials from all kinds of polymers

exposed to a simulated spacecraft environment.
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.. APPENDIX :
SUMMARY OF POLYMERIC MATERIALS EXAMINED , - .
AND THE PROPERTIES EVALUATED ‘ : -
(As of February 1966)

POLYMER CLASS ‘ wcnt | pavs. | cmu, | YA uico- | vaport |
ARD COIE NAME R | SPACEOWTISE  fpnop. | emoe: | proe. | T YO | Tvon | aarss |
Polyacrylic-glass fiber 1 ' ‘ |
Ben Har Acryl A (BAI){ BH Sleeving X ‘
Ben Har Acryl C-2 BH Sleeving X |
Polyacrylicenitrile « 3
Hycar' 520-67-108-1 BFG | Sealant X X
Hycar 520-67-108-2.° BFG | Sealant - X RS %
Hycar 520-67-108-3 BFG | Sealant X ’
Isobutylene-isoprene .
Enjay Batyl EX-1090 ECC | Sealant X X ‘
Enjay Butyl EX-1091 ECC | Sealant X X |
Enjay Butyl £X-1092 ECC | Sealant X X :
Polycarbonate ) : ‘
Lexan Film GE Structural plastic X ] . i
Lexan 100-111 GE Structural plestic X X ‘ -
Lexan 101-111 GE Structural plastic . X X X
Lexan 101-112 GE Structural plestic ‘ X X X
Lexan 103-112 GE Structural plastic X X
Epoxy ‘
Eccocoat EC/200 EC Coating X
Eccocoat VE EC Coating X
422) ShC Adhesive tape . X
on 917 ShC | Adhesive X
931B ShC | Adhesive curing agent X
Epon B-3 ShC | Adhesive curing agent X
Epoxy-fiber glass .
Micarta H-8457 Ve Circuit board X X
Micarta 65M25 . - ~We ] Circuit board X X E
Epoxy, modified
Clear Varnish B-276 = | We '} Coating X
B Epoxy, silver-filled
Eccabond Solder %C/9 | EC Conductive solder X
Eccobond Solder 56C/11] EC Conductive solder X
Polyethylene,
chlorosul fonated . ‘ ‘
Hypalow A2211A-2718 | DuP | Sealant X X
Si\liicq]l'eCa T for RTV X X
& talyst T-12 M Curing agent for
RTV-11 v GE Pott?gg compound X X X
RTV-60 GE Potting compound X X X
RTV-50 GE Potting compound X X X
RTV-615 A/B GE Potting compound X X X
SE-555 (gray) GE | Sealant X
SE-555 (srm GE Sealant X
SE-555 (white) GE Sealant X
SE-3604 GE Sealant X X |
SE-3613 (24/480) GE Sealant . X X |
SE-3713 (24/480) ~~ | GE ] Sealant X X ;
SE-3813 (24/480) GE Sealant X
Polyuretheae
JPL-1001 Ab Conformal coating X X
JPL-1002 Ab Conformal coating X X
Vinylidenefluoride-hexa-~ ‘ :
fluoropropylene:
Viton 11A- 990 DuP | Elastomer X Xj X X
* Ab, Ablestik Adbesive Company’ BCC, Eanjay Chemical Company
BFG, B. F. Goodrich Company GE, General Electric Company
BH, Bentley-Harris Mig. Company M, M & T Chemical Company
DuP, E. 1. duPent de Nemours Company, Inc. ShC, Sheil Chemical Company
EC, Emerson and Cuming, Inc. %o, Westinghouse Electric Corporation

t Measurements and analyses made in situ.
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